Informal sector activities are prevalent across the Global South (less financially 'developed' parts of the world). Waste pickers are part the informal sector and often officially referred to as the 'informal recycling sector' (IRS), or termed in the US 'scavengers' and 'catadores'/ 'cartoneros' in South America. Their informality could be viewed as an expression of the wider social organization system prevailing in their countries, as well as of the governance structures and financial activity mode of the waste management sector in the Global South. Here, I aspire to revisit some of the key findings and questions surrounding the activities of the waste pickers 'in lower-and middle-income countries, and frame them within the rapidly emerging landscape of a circular economy. Namely, an economy that preserves material resources and ensures retention/ recovery of the embedded value in waste objects, items and materials. Interestingly, whereas the circular economy has emerged and rapidly expanded as a dominant narrative and political imperative in Europe, in the Global South (and indeed in all societies experiencing equivalent local resource scarcity) the drive for resource recovery continues to be the instantaneous and not mandated by ideology but by social and market necessities.
My intention here is not to provide definitive answers, but instead to list fundamental challenges, which I believe the research and practitioners of the waste and resources management sector should be keen on addressing within a resource efficient circular economy context, and with a view to the stated aspirations elaborated in the recent sustainable development goals (SDGs) . Hence, what follows is a (certainly non-exhaustive) list of 20 challenging statements or questions.
1. Waste picking (IRS) is currently either the predominant or exclusive way by which resource recovery of dry recyclables (technical engineered materials, such as plastics, metals, paper and card) occurs in the Global South. This may sound trivial or self-evident, but let us remind ourselves about this key fact. Such a strong globally occurring phenomenon cannot be explained by a simplistic, and actually derogatory, narrative of 'financial underdevelopment', or 'institutional failure', or just 'backwardness'. 2. Three fundamental preconditions should be concurrently met for waste picking to occur: (i) solid waste materials should have some residual monetised value (which in fact is often highly fluctuating); (ii) waste should be physically accessible to waste pickers (i.e. not in a locked container or a fenced landfill); and (iii) an urban population segment should be impoverished or socially marginalised enough to be willing to perform an activity that is typically considered physically unpleasant and/or associated with low societal esteem.
3. Waste picking, autonomous or organised, is here to stay and thrive in the 'foreseeable' urban future. This is partly owing to the rapid, unplanned urbanisation, mainly in Africa and South East Asia, which is lacking in state-provided infrastructure, and further encouraged by (local) resource scarcity. Despite overall increases in gross domestic product (GDP) and between-country convergence, widening of within-city and country socioeconomic disparities continues to drive IRS activities. A side-effect of internal inequalities is the increase of waste picking in even the most affluent countries (discussion of which is outside the scope of this editorial). 4. There are clear limits of what an unsupported and unorganised IRS can achieve regarding their contribution to the circular economy via the metric of weight-based recycling rates: Without external/state financial support, they can, at best, capture and process only the (small?) fraction of dry recyclables that offers sufficient profit margin. Given the dominance of organics (biowaste) in the municipal solid waste composition of lower-income cites (e.g. in the range of 60-70% wt. as received (ar)), substantial recycling rates can be achieved only by also focusing on organics resource recovery, which, however, historically has been outside the direct attention of waste pickers, possibly because of very low values per tonne. 5. Despite some 30 years of effort to build upon waste picker activities (via inclusion/integration/formalisation -these terms are used ambiguously and variably by different stakeholders), there is no clear global consensus on the best way forward, at least on the organisational and empowerment side. Cooperatives and associations are an obvious internal operational mode, but these terms conceal huge variability regarding realities on the ground. The circular economy emphasis on business models adds to the complexity, but also opens opportunities via use of information technologies (IT); however, these may not be within the reach of IRS. That said, there are increasing numbers of smartphone and tablet apps targeted to help waste pickers. 6. External intervention attempts, no matter how resourceful, are under high risk of not achieving any long-term impact if sufficient local capacity building has not been achieved. We have emphatically argued in the past via the 'InteRa' (Velis et al., 2012) analytical framework and visualisation tool that external interventions or self-organisation efforts are destined to encounter severe challenges if they do not concurrently consider all four 'interfaces', which are interrelated, but fundamentally discrete, spheres of activity: (i) solid waste management (SWM), (ii) supply chains of secondary materials, Waste pickers in Global South: Informal recycling sector in a circular economy era
Editorial (iii) social aspects, and (iv) underpinning organisational, empowerment and business aspects. Clearly, past efforts to 'resolve' challenges based on limited points of view (i.e. from the humanitarian perspective of aiding impoverished individuals) can result in landmark failures. For both the academic and the practitioner communities, such combined efforts mean breaking traditional silos and creating genuinely cross-and intra-disciplinary teams to deliver innovation and change on the ground. Despite widespread awareness, these arrangements remain in the minority. 7. In the case of waste and resources management, the widespread indifference and incapacity of the informal sector to register information is devastatingly combined with the notorious difficulty even for state authorities and formal industry of the most 'advanced' and affluent countries to produce reliable comparative waste-related data. In that sense, regarding international benchmarking, the so called 'Wasteaware' cities indicators (Wilson et al., 2015) , were able for the very first time to offer a more reliable insight into the contribution of IRS in the recycling rates of the cites of the World: In this indicator system, the contribution of waste pickers to recycling is explicitly accounted for in any recycling rate calculation. 8. Data generation and management by the IRS could be a vital survival and value capture skill for the decades ahead. This should be combined with a fundamental understanding of opportunities/risks associated with material properties, and their fate in secondary material value chains. Whereas manual sorting can be reasonably effective in identifying different plastic polymer types (e.g. using resin codes and visual clues from product type and colour), chemical composition remains the fundamental value determinant, which for now is out of direct cognitive reach (unless bending or burning of items is involved). This takes us to the following core fact. 9. Circular economy aspirations are developing amidst a fourth industrial revolution: Automation (driverless cars, robotic collection and sensor-based sorting, big data and internet of things) opens unprecedented new opportunities for resource recovery from waste, but also threatens to eliminate a considerable part of traditional waste/recycling industry jobs. A core challenge remains in how to reconcile the labour-intensive IRS with the exceptional knowledge, accuracy and efficiency that the technological innovation brings. This occurs at a time when the IRS has reached significant levels of organisation and momentum, for example in the case of the national movement of cooperatives in Brazil, and has the intention to positively engage with technological solutions. However, the question remains of how best to accomplish this and preserve the number of waste picker jobs. 10. But who are the IRS, and what are their activities -can we generalise? The short answer is no, we cannot. The IRS activities are hugely varied, and so are the conditions under which they operate. Regarding the degree of formalisation, it is necessary to talk about a wide-ranging spectrum: From unorganised individuals in dumpsites, and from activities exploited by criminal gangs, to well organised cooperatives that deliver services and products in the manner of a professional enterprise. These cooperatives may even pay taxes and provide complete social security benefits to their members, leading to a blurred distinction between what is truly 'informal' and 'formal'. There is a long history of development behind such success stories, and legalisation efforts (for example, in the various countries of Latin America and the Caribbean (LAC)) have contributed significantly to this. Clearly, some of the sector should be referred to as 'former informal'. 11. Brazil is a prominent case regarding inclusion/formalisation efforts, where the IRS received systematic governmental support for some 10 years via the 'Social Technology Network'. As a result, there are now around 1700 associations and cooperatives of catadores across Brazil. However, despite best efforts, only a small percentage of the total IRS is organised in such a manner, with the most optimistic estimates suggesting that only 1 in 10 waste pickers are members of cooperatives or associations. The other 90% of the IRS remains without the supportive network of an organisation, and in fact may end up directly competing with cooperatives for the same material. 12. This poses the ultimate question of the intended end-goal of such systemic change, regarding poverty eradication and sector transformation: If there is an essentially infinite theoretical pool of urban poor who may be willing to become waste pickers, how many can be absorbed in the long term by wellorganised institutions? 13. Higher level end-goals associated with sound waste management or social policies are inevitably ideological and political, and therefore highly debatable. However, in the LAC region, approaches to dealing with the IRS have resulted in a very polarised political dimension. The benefits of this include raised public awareness and, with the right political party in power, mobilisation of resources in support of transformation efforts. However, this is also referred to in the literature as close to political exploitation or even collusion, and may threaten the long-term progress given the inevitable changes of which political party is in power. So, the political dimension of IRS is highly debatable. The academic community has a responsibility to underpin the challenges with sound science and engineering, helping to neutralise fierce ideological juxtaposition. 14. No, we should not idealise waste picking activities and operating conditions: Issues such as criminal activities, exploitation by middlemen, emerged elites, child labour and high occupational health risks need to be openly challenged if we are to address such dimensions and develop all-round sustainability and prosperity. We must remember that the reprocessing of e-waste (WEEE: waste electrical and electronic equipment) in parts of East Africa and South East Asia using environmentally damaging processes (e.g. acid leaching and open burning of wire insulation) have resulted in some of the most polluted places on the planet and devastated the health of entire communities. This cannot be the way forward for the circular economy in the Global South. However, there are also concerted efforts to address such challenges, including a recently released web-portal ('EWIT': http://ewit.site/), which offers technology transfer and benchmarking solutions for African cities. 15. Globally, SWM remains a negative economy (i.e. individual citizens pay the cost), the financial viability of recycling is disputed, and the sector remains vulnerable and subject to great price volatility. Most of the 'expensive' collection systems in place in the affluent Global North are subsidised to variable degrees, and also result in substantial trade (exports) of recyclables in global secondary resources supply chains. This may be a conscious political choice to incorporate environmental externalities and/or recognise other non-monetised benefits to society, however the variability in collection and sorting/ reprocessing systems and lack of transparency makes interpretation and evaluation challenging. Can a well-organised IRS (e.g. formalised in cooperatives) perform any better? If taxes, health insurance, child schooling and training provisions, management costs and other typical costs are included, whether these are paid for by the cooperatives or by the local authority (and therefore taxpayer money), are any savings delivered? Could it be possible by assuming a more equitable sharing of net profits amongst co-workers compared with other business types (e.g. 'ltds')? This is a long-standing debate that is hampered by lack of evidence. New tools becoming available, such as the about-to-be-released 'SoCo' (Solidary Inclusive Collection and Recycling), may be able to cast light on and identify optimal internal operation for cooperatives and associations. SoCo does this by quantifying impacts and benefits more objectively for all stakeholders involved and on a systems level, and could therefore unleash the potential to further deployment of IRS formalisation in harmony with all other waste and resource management players. 16. Systems involving product stewardship, individual or extended producer responsibility (EPR), deposit/return and leasing are developing around the world in endless variations and are becoming a core part of the circular economy narrative owing to their fundamental tenant of resource recovery. What these systems also result in is a re-appropriation of material resources (products, items, components, material and chemical substances) (Velis and Vrancken, 2015) . Meanwhile, the IRS sustains a continual fight for access and ownership to some of the most lucrative waste resources. The relationship (synergies, dependencies, conflicts) of EPR systems, municipalities, traditional industry and the IRS, with regard to distribution of material ownership and profit (and benefit in the wider sense) between actors is a complex one, but the question will not be avoided in the near future. (2012) (2013) (2014) (2015) of the International Solid Waste Association (ISWA) has also being instrumental to an internal transformation, with ISWA now leading a global campaign to close the world's biggest dumpsites (#closedumpsites), while explicitly taking into account the potential job losses of the waste pickers and commissioning concerted efforts to accommodate for them. 20. It is recognised that a door-to-door collection service of sourceseparated recyclables may be one of the best (if expensive?) solutions for systemic change. In this capacity, and to the degree that they understand the material properties and value of what they collect, the IRS have the opportunity to deliver important environmental education messages directly to the public and become active agents of behaviour change. Given the increasingly recognised importance of preventing marine litter, it would be apt to investigate whether lower levels of littering and dumping occur where IRS door-to-door collectors operate.
Waste pickers (IRS) are an integral part of the circular economy in the Global South. They get organised and transform in ways that somehow resemble equivalent transformations in the beginning of modern waste management some 200 years ago (Velis et al., 2009 ). The materials/chemistry base of waste is much more complex now, and the technological opportunities for resource recovery endless. But, the fundamental drivers and human needs remain the same, and should inform and drive decisions to include the IRS toward achieving sustainable resource management, public health and environmental protection objectives.
